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Just 29 days after the design deadline time at the end of the courses, packaged custom wire-bonded 
chips were shipped back to all the MPC79 designers. Many of these worked as planned, and the 
overall activity was a great success. I'll now project photos of several interesting MPC79 projects. 
First is one of the multiprcject chips produced by students and faculty researchers at Stanford 
University (Fig. 5). Among these is the first prototype of the "Geometry Engine", a high­
performance computer graphics image-generation system, designed by Jim Clark . That project has 
since evolved into a very interesting architectural exploration and development project? 

Figure 5. Photo of MPC79 Die-Type BK (containing projects from Stanford University) 

Another project that turned up in MPC79 was a LISP microprocessor10 designed by Holloway, 
Sussman, and Steele at MIT and Bell at PARe. This "Schel!le-79" chip is a further step in the 
evolution of LISP microprocessor arch itectures by the M.LT. AI· Lab group. Their work is based on 
the prototype LISP microprocessor3 Guy Steele designed for the 1978 MIT course. 
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The results of this design methodology experimentation and demonstration were very exciting, and 
convinced us of the overall merits of the design methods, the courses, and the implementation 
infrastructure. We first reported on the results at the M.LT. VLSI conference in January 1980.11,12 

At PARC we then began the transfer of the implementation system technology to an internal 
operational group; the transfer was completed during the spring of 1980. That operational group 
now has the responsibility of providing VLSI implementation service within Xerox. They ran the 
implementation system for a very large group of schools in the spring of 1980, in order to provide 
themselves with a full-scale test the overall operation of the system, and to confirm the success of 
the technology transfer. That effort, known as "MPC580,,13, had about twice as many participants 
as did MPC79. Over 250 designers were involved! They produced so many projects, including a 
number of full-die sized projects, that 5 mask sets were required. Although MPC580 involved a lot 
of maskmaking and wafer fabrication, the project set was turned around from design-cutoff to 
packaged chips in about six weeks. 

Some really interesting projects were created by the MPC580 designers. An example is the RSA 
encryption chip14 designed by Ron Rivest at MIT. Ron is a computer science theoretician and 
faculty member at M.I.T., had taken the VLSI design course the previous fall, and had done a slnall 
project for MPC79. He and several other M.LT. people then created the prototype RSA encryption 
chip architecture and design during the spring of 1980, in time for the MPC580 cutoff. 

I think you can now begin to see the role the provision of implementation plays in stimulating 
architectural exploration, the offering of design courses, and the creation of design environments. 

3. Present Status of the VLSI Design Courses and the VLSI Implementation Systems 

The design methodology introduced in the Mead-Conway text has now become well integrated into 
the university computer science culture and educational curriculum. During the '79-'80 school year, 
courses were offered at about 12 universities. During the present '80-'81 school year, courses are 
being offered at more than 80 universities. 

In addition, a number of industrial firms have begun to offer internal, intensive courses on the 
design methodology. For example, courses are being offered at several locations within Hewlett­
Packard, under the leadership of Merrill Brooksby, Manager of Corporate Design Aids at HP. The 
HP courses are project oriented, and provide students with fast-turnaround project implementation. 
Brooksby believes that in addition to directly improving the skills of HP designers, the course plays 
an important role by providing a common internal base of design knowledge through which 
designers can communicate about work in other technologies (the "common culture effect"). 
Similar courses are being offered at DEC, in an effort led by Lee Williams. Many other industrial 
firms have begun using an excellent videotape VLSI system design course produced recently by 
VLSI Technology, Inc. (VTI).15 

Design aid concepts and software are evolving rapidly in the university VLSI research community. 
During the work on MPC79, we began to see very interesting new types of analysis aids originating 
at MIT. I'm thinking of the work of Clark Baker, Chris Terman, and Randy Bryant who began 
creating circuit extractors, static checkers, and switch simulators of a sort appropriate for our design 
methods.16,17 They began to provide access to such analysis aids over the network, aids that could 
be easily and efficiently used to partially validate projects prior to imp1ementation. These tools 
were used to debug some large projects prior to submission to MPC79 (for example, the Scheme-79 
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chip). Some of these tools are now in routine use at a number of other universities. I believe we'll 
soon see analysis aids embodying these new concepts placed into widespread use in industry. 

A VLSl implementation system has been put into use by Xerox Corporate Research to support 
exploratory VLSI system architecture and design within Xerox Corporation. Another 
implementation system is being operated by USC/lSI for the Defense Advance Research Projects 
Agency's (DARPA) VLS1 research community, a community consisting of several large research 
universities (including M.l.T .• CMU, Stanford. U.C. Berkeley, Caltech, etc.), and a number of 
Defense Department research contractors. (Danny Cohen will describe that system in a later talk) 

The initial system architecture of the system used for MPC79, and the operational experiences 
during MPC79, provided the knowledge on which the new Xerox and lSI systenls were based. One 
of the major improvements contained in. both these newer systems is the fully· automated handling 
of user electronic message interactions and management of the design file data base. During 
MPC79, Alan Bell interacted with the designers with some machine assistance in message handling 
(using a menu·based graphical interface that made message-processing and file management 
interactions easy and fast), but in fact he did actually look at all user messages. When we ran 
MPC79, we couldn't predict the bounds on the information that would have to be conveyed 
between designer and system. The generation of that knowledge was an important result of 
MPC79, making it possible to automate the message handling and data base management in later 
systems. Our knowledge about the implementation system to foundry interface was also 
considerably expanded and refined during these experiences.I8 

As I think back over the origins of the VLSI implementation system, it's clear that we didn't 
initially set out to create such a system. It was really a serendipitous result. We were extremely 
motivated and driven to provide VLSI implementation to a large university conlmunity. I thought 
that it just might be possible to do that. I realized that pulling off VLSI implementation on such a 
vast scale would generate and propogate a lot of artifacts, and thus announce the presence of the 
new design culture, and help to culturally integrate our methods. So, we began working very hard 
at PARe to create ideas to bring down the cost per project and the overall turnaround time, and to 
scale up capabilities for handling as many designers as possible. 

Somewhere along the line I began to use the metaphor that "we're creating something for mask and 
fab that was like the time-shared operating system was for computing systems". Our idea was to 
create a system that provided remote-entry, time and cost-sharing access to expensive capital 
equipment, and that also managed the logistics of providing such access to a large user community. 

At that time, and even now in most integrated circuit design environments, the maskmaking and 
wafer fabrication required to implement prototypes for a design project cost about $15,000 to 
$20,000, and with some luck take only three or four months getting through the various queues. 
(Designers using internal co map any facilities may not see those costs, but I guarantee they're there; 
on the other hand, all IC designers are familiar with those long turnaround times). With that as 
background, we were really amazed when we added up the costs in dollars and time to implement 
the projects in MPC79. By using the implementation system to provide shared access for a large 
community of users to what amounts to a "fast-turnaround silicon foundry" for rapid Inaskmaking 
and wafer fabrication, we achieved a cost per project on the order of a few hundred dollars, and a 
total turnaround time of only 29 days! (And remember, we weren't using internal mask and fab 
facilities at PARe, but were instead going to outside foundry services.) 



TABLE 1. 

Computing and Design Environments for 1980·81 VLSI Design 
Courses at Universities that participated in MPC79/MPC580. 

[Reprinted with pennission of LAMBDA. The Magazine of VLSI Design19 ) 

UNIVERSITY: MIT Callech Stanlord CMU U.C.B. 

COURSE INFORMATION 

Instructor(s) J. Allen. C. Mead. J. Newkirk. R. Sproull R. Newton 
L. Glasser C. Sietz R. Mathews C. Sequin 

Course" 6.371 CS181. EE271 15-846 CS248 
CS182 

Sem.orOtr. F. Sp F-W-Sp F, Sp Sp F 

#stud.lClass 35 40 60 30 50 

COMPUTING ENVIRONMENT 

CPU DEC-20 DEC-20, . DEC-VAX DEC-VAX DEC-VAX, 
VAX 

Op. Sys. TOPS-20 TOPS-20, UNIX UNIX UNIX 
UNIX 

Prog. Lang. LISP, APL, Simula, C C C C 
CLU 

DESIGN AID ENVIRONMENT 

Synthesis aids PLAG, MI MG,MI PLAG PLAG PLAG, SGC 

Description 
aids SLL SLL Sll Sll,lGl Sll,lGS 

Analysis aids CX,SS, CX,SS,CS CX,DRC,SS CX.SS.DRC CX.SS.CS 
DRC.CS 

Viewing aids CPP, SRP CPP,CRP, SRP CPP,SRP, SRP.SD 
CD CD,SD 

Testing aids MTE MTE MTE --- ---

PROJECT EXPERIENCE 

(" projects, " designers) 

MPC79 15,27 24,28 19,35 5,5 4.4 

MPC580 11,13 21,22 32,59 12,17 8.12 

U. 01 Col. U.ollllinol. U.oIWa.h U. 01 Roch .. t.r UCLA 
(C.S., 

~ - --

J. Murray J. Abraham T. Kehl E. Kinnen V. Tyree 
E. Davidson G. Kedem 

EE594 EE325 CS590D 492 M258A. 
S. C 

F F, Sp F, W, Sp F F-W-Sp 

20 20 15 25 20 

DEC-20 HP1000 DEC-20, ALTO, VAX DEC-VAX 
VAX 

TOPS-20 RTE IV TOPS-20, ALTO, UNIX UNIX 
VMS 

Simula, Pascal FORTRAN C, Pascal C, Pascal 
Pascal 

MG,MI --- PLAG, MI --- ---
Sll IGl Sll IGl Sll 

CS CS DRC CX.SS.DRC CS 

CPP CPP,SD CPP CPP,SRP, CPP 
CD,SD 

--- MTE --- MTE MTE 

1.1 5,8 1.3 5.9 ---
12.21 8.13 15.15 3.3 9.9 

- -----

SUMMARY OF DESIGN-AID CODES: 
BO: SIW Display; BRP: SIW Raster Plolter; CD: Color Display; CPP: 

Interactive Graphic Layout; IGS: Interactive Graphic Sticks: MG: Module Generator: MI: Module Interconnector 
MTE: Minimal Test Environment: PLAG: PLA generator: SGC: Slicks-to-layout Generator/Compressor: 

Color Pen Plolter; CRP: Color Raster Plolter; es: Circuit Simulator; 
CX: Circuit eXtractor; ORC: layout Design Rule Checker; IGL: 

SLL: Symbolic layout language: SSe Switch Simulators: SSL: Symbolic Sticks language. 

Wah. U. (St. L.) 
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---
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J. Nelson 
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F 

30 
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---
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---

---
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Thus we had demonstrated that the time and cost to implement a prototype VLSI designs were as 
low as they would be using TTL for an equivalent size designs. However, once you've successfully 
prototyped a design in VLSI, you can take tremendous advantage of the low replication costs and 
high-performance of VLSI wh~n competing against similar syst(,!l1S implementated in TfL. 
Therefore, I believe that in addition to the many business opportunities in VLSI design aids and 
chip designs, there must also be a substantial business opportunities in the area of VLSI 
implementation systems and services, foundry service brokerage, and foundry services. 

Those of you who are interested in learning more about the present courses and design aid 
environments in the universities might read my recent column19 in Lambda Magazine. I'll now 
show a table (see Table 1.) from that article that tabulates the courses, the computing and design-aid 
environments (as of summer 1980), and the project experience at the key group of 12 universities 
that collaborat(;~d with us at PARC during MPC79 and MPC580. You can see some interesting 
patterns of diffusion and convergence in this table. You can see how new types of analysis aids are 
being used this year at most schools to qualify projects for implementation, and how rapidly those 
new concepts have swept through this university community, most of whom are on the ARPAnet. 

4. Skctch of and Rcflections on the Research Methods Used 

How was all of this done? Let's reflect on these events, focussing on the research methods used to 
direct and help aU of these different things jointly evolve. You'll notice a common idea running 
through all of these events: Fast-turnaround implementation provides a means for testing concepts 
and systems at many levels. It isn't just used for testing the project chips. It also tests the design 
(:nvironments, the courses and instructional methods, the text materials, and the design methods. 

I'll now describe a basic method of experimental computer science, and sketch how this method was 
applied to the generation of the VLSI design and implementation methodologies. Later I'll describe 
tile resources required in order to direct this sort of large scale, experimental evolution of 
engineering knowledge and design practices. 

Experimental Afethod 

There is a basic experimental method that is used in experimental computer science when we are 
exploring the space of what it is possible to create. The method is especially applicable when 
creating computer languages, operating systems, and various kinds of computing environments, Le., 
applications where we provide primitives that Inany other people will use to generate larger 
constructs. Suppose that you've conceived of a new system concept, and want to try it out 
experimentally. The method is simple: You build a prototype of a system embodying that 
concept, run the system, and observe it in operation. You might imlnediately decide, "Hey, this is 
just not feasible," and scrap the idea right there; or you may think, "Well, maybe we can improve 
things," or, "Let's try something slightly different," make some revisions, and nm the system again. 
This simple, iterative procedure is sketched in Figure 6. After the experimentation has generated 
sufficient knowledge (for example, has demonstrated the feasibility of the concept), you· may make a 
transition into some later phase in the evolution of the concept. 

\Vhat might such later phases be? Suppose you've successfully taken a new concept through a 
feasibility test, perhaps experimenting with a quick implementation that you ran yourself. You may 
think, "Well, let's build an improved prototype, and have some other user run it. I'll watch the 
user use it, and see what happens." After going around that loop a few times, and making further 
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refinements, you may make the transition to building a prototype to be placed into extensive field 
trials by many users. 'I11inking back, you can see how the design course was taken through a 

/ not (O.K.) 

(on to the ext phase) 

~ 
Figure 6. An Experimental Method 

succession of such phases, from feasibility to transfer to a few other "users" and on to full scale 
"field trials". By obtaining feedback from users and observating results at each step, you move on 
to on the next phase (sec Fig. 7) of refinement anti integration of that particular system. 

Feasibility ~t of Concept 

\ 
First Prototype to be User Tested 

\ 
Development Prototype for Extended Field Trials 

'\ 
Operational Version of System 

\ 
Figu re 7. Some Phases in the Evolution of a System 

If we study the development of the VLSI design methodology, its validation, and its social 
propagation, you'll notice that the following has happened: The evolution of the methodology 
involved a multilevel cluster of systems that were being jointly evolved (see Fig. 8). Each system in 
the cluster runs through the experimental loops, and passes through the various phases of its own 
evolution. Entries at the higher levels, for example the methodology, or the text, or the documents 
to support a course, might be more solid and in later phases of their evolution at any given time 
than, for example, a course in a particular school, or the design environment for that course. 
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Student design projects play a key role in this process, supporting new refinements in the higher 
level systems in the hierarchy every new school semester. Fast turnaround itnplementation of 
designs was used to close the experimental loop on all the systems in this hierarchy. 

Design Methodology 

\ 
Text, Instructors' Guide, and other Documents 

\ 
Courses 

\ 
Design Environments 

\ 
Student Design Projects 

\ 
Implementation Methodology & Systems 

~ D~ign Prototypes 

Figure 8. ~he Joint Evolution of the Multi-Level Cluster of Systems 

If we think back over the evolution of these systems, we can see how all these things were running 
in parallel in a rapidly enlarging social enterprise. The early courses run here at Caltech 
demonstrated that it might be feasible to create a simple design methodology. Following the period 
of basic design methodology research, the preliminary courses run at Caltech, U.C. Berkeley, and 
C?vIU helped debug the emerging text documenting the new design methods. The newly 
documented methodology was then introduced into the M.LT. '78 course, which became the 
prototype for the new type of intensive, project-oriented courses. The results of that course 
prepared the way for seeding similar courses in many other schools. 

The text itself passed through drafts, became a manuscript, went on to become a published text 
Design environments evolved from primitive CIF editors and CIF plotting software on to include 
all sorts of advanced symbolic layout generators and analysis aids. Some new architectural 
paradigms have begun to similarly evolve. An example is the series of designs produced by the OM 
project here at Caltech. At MIT there has been the work on evolving the LISP microprocessors.3,lO 

At Stanford, Jim Clark's prototype geometry engine, done as a project for MPC79, has gone on to 
become the basis of a very powerful graphics processing system architecture,9 involving a later 
iteration of his prototype plus new work by Marc Hannah on an image memory processor.20 



17 

While these things were evolving, Dick Lyon undertook the important work of developing, 
debugging, and evolving a set of basic library cells (sec refs. 2,5) that would later be used in all of 
the courses by al1 of the students in tlle MPC adventures. Again, in parallel with that, there was 
the iterative evolution through a series of experiments, from the e~r1y multiproject chip sets to the 
remote entry multiprojcct chip done at MIT, to the early implementation systems at PARe, and 
now on to the autOlnated implementation systems at PARC and USC-lSI. 

One thing to remember about this is that such enterprises are organized at the meta-level of 
research methodology and social organization; they are not planned in fully-instantiated detail using 
some sort of PERT chart. The evolution of a system of knowledge has a certain dynamics. There 
is a great deal that happens concurrently. There is the necessity for various activities to reach some 
minimum sufficient stage of development in order to support activity at some other level. If things 
are staged right, and people arc in dose contact with each other and are highly motivated by 
effective leadership, then a lot of these things can move rapidly forward together. But remember, 
there is always a strong element of chance when folks go off exploring. The unfolding of the events 
depends upon what is discovered. and upon how well the opportunities presented by the discoveries 
are seized upon and exploited by the overall community of explorers. 

The Network Conununity 

Some key resources are required in order to organize such an enterprise. Perhaps the most 
important capital resource that we drew upon was the computer-communications network, induding 
the communications facilities made available by the ARPAnet, and the computing facilities 
connected to the ARPAnet at PARe and at various universities. Such a computer-communication 
network is a really key resource for conducting rapid, large scale, interactive experimental studies. 

The networks enable rapid diffusion of knowledge through a large community because of their high 
branching ratios, short time-constants, and flexibility of social structuring; any participant can 
broadcast a message to a large number of other people very quickly. It isn't like the phone, where 
the more people you try to contact, the more time-overhead is added so that you start spending all 
of your time trying to get your messages around instead of going on and doing something new. 

The high social branching ratios and short communications time constants of the networks also 
make possible the interactive modifications of the systems, all of these systems, while they are 
running under test. If someone running a course, or doing a design, or creating a design 
environment has a problem, if they find a bug in the text or the design method, they can broadcast 
a message to the folks who are leading that particular aspect of the adventure and say, "Hey! I've 
found a problem." The leaders can then go off and think, "Well, my God! How are we going to 
handle this?" When they've come up with some solution, they can broadcast it through the network 
to the relevant people. Thus they can modify the operation of a large, experimental, multi-person, 
social-technical system while it is under test. They don't have to run everything through to 
completion, and then. start all over again, in order to handle contingencies. This is a subtle but 
tremendously important function performed by the network, and is similar to having an interactive 
run-time environment when creating and debugging complex software systems. 

There is another thing that happens in the network: it's relatively easy to get people to agree to 
standards of various kinds, if the standards enable access to interesting servers and services. For 
example, elF became a de facto standard for design layout interchange because we at PARe said 
"if you send a elF file to us we will implement your project". Everybody put their designs in elF! 
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We answered our own questions: "Is CIF documented well enough to be propagated around? Does 
it really work anyway? Does it have the machine independence we've tried for?" That way we 
debugged CIF and culturally integrated CIF. 

Such networks enable large, geographically dispersed groups of people to function as a tightly-knit 
research and development community. New forms of competitive-collaborative practices are 
enabled by the networks. The network provides the opportunity for rapid accumulation of sharable 
knowledge. Much of what goes on is captured electronically - - designs. library cells, records of 
what has happened in the message traffic. design-aid software and knowledge - - all can be captured 
in machine representable form, and can be easily propagated and shared. 

One reason for the rapid design-environment development during '79-'80 was a high degree of 
collaboration among the schools. Often, as useful new design aids were created, they were quickly 
shared. Many of the schools had similar computing environments, and the useful new knowledge 
diffused rapidly via the ARPAnet. 

Another reason for rapid progress was keen competition among the schools and among individual 
participants. The schools shared a common VLSI design culture; during '79-'80 all used the same 
implementation system, and batches of projects from the schools were often implemented 
simultaneously. Therefore, project creation, innovations in system architecture, and innovations in 
design aids at each of the schools were quite visible to the others. Students and researchers at MIT, 
Stanford, Caltech, CMU, V.C. Berkeley, etc., could visualize the state of the art of each other's 
stuff. These factors stimulated competition, which led to many ambitious, innovative projects. 

Successful completion of designs, and thus participation in such competjtion, depended strongly on 
the quality of the design environment in each school. Therefore, there was strong pressure in each 
school to have the latest, most complete set of design aids. This pressure tended to counter any "not 
invented here" opposition to importing new ideas or standards. The forces for collaboration and for 
competition were thus coupled in a positive way, and there was "gain in the system". 

Now, think back to the question, "How do unsound methods become sound methods?" Remember, 
you need large scale use of methods to validate them, and to produce the paradigm shifts so that 
the methods will be culturally integrated. In industry, it's very difficult to take some new proposed 
technique for doing things and put it in use in a large scale in anyone place; a manager trying such 
things would be accused of using unsound methods. However, in the universities, especially in 
graduate courses in the major research universities, you have a chance to experiment in a way you 
might not in industry, a way to get a lot of folks to try out your new methods. 

A final note about our methods: The major human resources applied in all of these adventures 
were faculty members, researchers, and students in the universities. The research of the VLSI 
System Design Area has often involved the experimental introduction and debugging of new 
technical and procedural techniques by using the networks to interact with these folks in the 
universities. These resources and methods were applied on a very large scale in the MPC 
adventures. There are risks associated with presenting undebugged technology and methods to a 
large group of students. However, we have found the universities eager to run these risks with us. 
It is exciting, and I believe that it is appropriate for university students to be at the forefront, 
sharing in the adventure of creating and applying new knowledge. The student designers in the 
MPC adventures not only had their projects implemented, but also had the satisfaction of being part 
of a larger experimental effort that would impact industry-wide procedures. 
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These experiences suggest opportunities and provide a script for university-govemment-industry 
collaboration in developing new design methodologies and new supporting infrastructure in many 
areas of engineering design. The universities can provide the experimental and intellectual arena; 
government can provide infrastructure and university research funding; industry can provide 
knowledge about and access to modem, expensive, capital equipment that can implement 
experimental designs created by university students and researchers. Modern computer­
communications networks, properly used, can tie all these activities together. The implementation 
of designs closes all the experimental loops. 

5. Looking Ahead 

I wonder where we might apply some of these methods next? Where might some of you apply 
methods like these in order to aggressively explore new areas? Well, first of all, there certainly are 
tremendous opportunities for further discoveries and evolutionary progress in VLSI design and 
implementation methodology. 

Weare now seeing the beginnings of new architectural methodologies appropriate for VLSI in a 
number of specialized areas of application. For example you might study the work that Dick Lyon 
is doing to create a new architectural set of "VLSI building blocks" for bit-serial digital signal 
processing.2l Wouldn't it be interesting if those techniques could now be tried in a few courses? 
We'd find out if people can really learn about signal processing with VLSI, and then quickly 
compose working systems, thus providing a reality test of Dick's ideas. 

There are many other areas of digital system architecture ripe for the introduction of new 
architectural methodologies appropriate for VLSI. There are areas like computer graphics for 
providing high-bandwidth visual displays for interactive personal computing systems, and the 
generation of computer images for electronic printing and plotting. There's image processing, taking 
digitized input image data and processing it to recognize and detect things, with applications in 
OCR systems, visual input systems for controlling robots, smart visual sensors for various defense 
systems, that sort of thing. There are areas like data encryption and decryption. So there's a whole 
world of specialized architectural areas that people can now explore, given that they have access to a 
VLSI design environment and to quick turnaround implementation to tryout their ideas. . As 
successes accumulate, the underlying knowledge and the detailed design files can be rapidly 
propagated around the VLSI network community. 

There are many opportunities for evolving new design and analysis aids appropriate for the new 
design methodology. Progress has been rapid so far,19 but there is plenty more to do. Those 
interested in creating and testing new design aids might ask yourselves "What can I create and then 
introduce over the network that would be valuable to the VLSI cOlnmunity, that might integrate 
with the overall activity?'~ That line of thinking, taking into account the current state of the 
community, and the means of introducing new ideas into the community for testing and validation, 
may increase your chances of successfully creating something that becomes culturally integrated. 

For example, the early circuit extractor work done by Clark Baker16 at MIT became very widely 
known because Clark made access to the program available to a number of people in the network 
community. From Clark's viewpoint, this further tested the program and validated the concepts 
involved. But Clark's use of the network made many, many people aware of what the concept was 
about. The extractor proved so useful that knowledge about it propagated very rapidly through the 
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community. (Another factor may have been the clever and often bizarre error-messages that Clark's 
program generated when it found an error in a user's design!) 

Another area of opportunity is in the evolution of standards. For example, we need a standard 
"process test chip" for the back-end foundry interface, so that designers and foundry operators will 
have a mechanism for deciding to shake hands and exchange dollars for wafers. Although some 
strawman versions have been proposed, there is no standard now. Perhaps a standard process test 
chip could be evolved by inserting strawman versions into wafers that are run for university 
multiproject chips sets. The community could then gradually converge on a workable standard. 

There are opportunities for further evolution of implementation systems. Also, similar design and 
ilnplementationmethods could be mapped into technologies other than nMOS. Design primitives, 
design rules, and design examples could be created, for example, for CMOS and then run through 
the same kind of scenario as above to introduce those into a university community. 

I myself have become interested in the prospects for bringing about a convergence of the work in 
VLSI design methodology with work based in knowledge engineering.22,23 There is the possibility 
of creating knowledge-based expert systems to aid VLSI system designers. I can imagine directing 
the evolution of such expert systems by using similar methods to those described above: trying out 
ideas, prototyping them, evaluating them, and bringing theln in large-scale use within a computer­
communication network community. But an added twist is possible here, that of making knowledge 
about expert systems accessible to the larger CS community, a community now knowing about 
VLSI. That way we could help to generate a common literacy about knowledge, a COlnmon 
knowledge representation language, and knowledge about the methods of knowledge engineering. 

You'll note that the experimental methods described in this talk aren't limited to application in the 
exploration of microelectronic system desjgn. I find it fascinating to think about applying these 
methods to the rapid exploration of other domains of engineering design that may be operating 
under new const.raints, and thus be full of new opportunities. 

For example, it is becoming comnlon in some industrial environments for folks to do mechanical 
system design by using computers to specify the shape and dimensions of parts and to generate the 
tapes for numerically controlled machine tools that can implement the parts. Consider the 
opportunity here: What if we documented a simple design method for creating mechanical systems 
under the assumption that the parts are to be remotely machined and assembled in some sort of 
"magical automatic factory". Then ask the question, "\Vell, how would you teach mechanical 
design under the many new constraints imposed by the remote factory?" If you had access to such a 
factory, or if you could even emulate it using manual procedures where necessary, you could put in 
place the same sort of overall experimental environment to develop from very early crude principles 
some sort of new design methodology that would be appropriate for that environment. In that way 
one could evolve an entire design culture of methods, courses, design exarnples,' design aids, etc., 
using the methods described above, and that culture could be rapidly spread out through the 
networks into a large university community. 

I am very interested in studying and experimenting further with techniques for creating, refining, 
and culturally integrating new engineering design methodologies. If any of you folks engage in 
similar work, especially within the university computer-communications network community, I'd be 
very interested in learning of your experiences. I'd enjoy brainstorming with you on how to 
improve the underlying methods, and how to spread knowledge about the results. 
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6. Acknowledgements and Conclusions 

I am deeply indebted to many people for their contributions and help in creating the design 
methods, the textbook, and the implementation methods and system, and also the university VLSI 
design courses, design environments, and research programs. There are literally hundreds of people 
who have played important roles in the overall activity. Students, researchers, and faculty members 
in the universities. and a nUlnber of industrial researchers, industrial research managers, and 
government research program managers have been actively involved in these events. I am at a loss 
to acknowledge all of the individual participants. 

However, I would like to individually acknowledge some of the folks at PARC who've worked on 
this research since the early days. I am thinking of Doug Fairbairn, who was with us during the 
key early years: Dick l ... yon, who has contributed so much to the effort; Alan Bell and Martin 
Newell for their innovations and efforts in the creation of VLSI itnplementation systems that have 
supported so well the validation and spread of VLSI knowledge. I'd especially like to acknowledge 
the support and encouragement that all of us at PARe have received over the years from the senior 
research management of Xerox Corporation, in particular, from Bert Sutherland. 

Let's look at the photo of Alan Bell again (Fig. 3), and think back to the MPC79 effort. I'm sure 
you now sense that MPC79 was not just a technical effort, that t.here was a tremendous human 
dimension to the project. So many folks were simultaneously creating and trying out things: 
students and researchers trying out new designs that were very, very important to them; instructors 
and project lab coordinators trying out the new courses and project lab facilities; at PARC the new 
implementation system was coming into existence, under the pressure of trying to provide VLSI 
implementation service to the many university designers. This built up into a tremendously exciting 
experience for all participants, a giant network adventure that clinlaxed as the design-cutoff time 
approached, and the final rush of design files flowed through the ARPAnet to P ARC. 

So when you see someone interacting with a personal computer connected to a network, rather than 
jumping to the conclusion that you are observing a reclusive hacker running an obscure program, 
you might ask yourself "I wonder what adventures this person is involved in?" Remember, you 
may be observing a creatively behaving individual who is participating in, or perhaps even leading, 
some great adventure out in the network! 

These events are reminiscent of the pervasive effects of the telegraph and the railroads, as they 
spread out everywhere during the nineteenth century, providing an infrastructure people could use 
to go on adventures, to go exploring, and to send back news of what they had found. I think of 
personal computers and the computer communication networks as a similar sort of infrastructure, 
but here and now, as we explore the modem frontier - - the frontier of what we can create. 

The new knowledge and products our VLSI design community is creating will have tremendous 
social impact, by helping rapidly spread and increasing the power of the new personal computing 
and computer-communication infrastructure. 

Thus your work in computer science and VLSI system design is expanding the opportunities for all 
of us to go on all sorts of grand adventures in the future! 
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